Abstract: Supply chain management is an integrating function with primary responsibility for linking major business functions and business processes within and across companies into a cohesive and high-performing business models. Managing supply chain is a difficult task because of complex interrelations and integrations as various entities exist in it. One of the entities is transportation of items from source to destination. This process becomes tedious, when items are moving with one or more stoppage as on stoppage point inventory carrying cost would also be incurred. A single source, single destination and multi-item EOQ model has been discussed in the literature for single stage as well as two or more stages. Different discount policies are offered to procure and transport goods from the one stage to other stage. In the present study mathematical model is developed to minimize the sum of inventory, procurement and transportation costs when several items are shipped from a single source to single destination through an intermediate stoppage, in which it is assumed that inventory carrying charge at the intermediate stoppage, are very high after a pre-specified time. A solution procedure is proposed and verified with numerical illustration.
Introduction
The recent competitive pressures have made several organizations realize that individual companies by themselves cannot face up to the competition. A well designed product and a good technology for manufacture may not ultimately deliver value to the customer because of a bad set of suppliers or an inefficient distribution network. Every organization has three types of flows, the material flow, the information flow and the fund flow. While the material flows from the back end (supplier) of the supply chain to the front end (customer), money flows in the reverse direction. The information flows on both directions. Supply Chain Management (SCM) involves developing a set of management practices that will ensure that these three flows are smooth. Faster material flow will greatly improve responsiveness to customer requirements and will in turn ensure faster money flow back into the supply chain. Fast material flow is possible when different types of products are available under single roof, which are ordered in bulk by the buyer. This mean may be beneficial for the buyer to avail dual discount, one is quantity discount on the bulk purchase and other is freight discounts on weighted transportation. It is said that the ultimate goal of any effective supply chain management system is to reduce inventory; procure and transport the optimal quantity from source to destination, which becomes very important when cost is associated with all the activities discussed above. Same is the focus of current study to formulate an optimization problem to specifically determine the optimal order quantities in two stage supply chain along with the objective of minimizing the total cost that includes cost of purchasing, holding and transportation.
A variety of research papers have contributed significantly in the study of two stage supply chains, integrated discounts and transportation schemes among which few are as follows. Regarding the two stage supply chains, Kaminsky and Levi 1 in 2003 developed a two stage model of a manufacturing supply chain. This two stage production-transportation model featured capacitated production in two stages, and a fixed cost (or concave cost) for transporting the product between the stages. They show that their model reduces to a related model, with one capacitated production stage with linear production cost, and transportation between two inventory locations with non-linear transportation cost. However, Hyun-Soo Ahn and Philip Kaminsky 2 in 2005 considered a model of a two-stage push-pull production-distribution supply chain. In their model, orders arrive at the final stage according to a Poisson process. Two separate operations, which take place at different places with exponential service times, were located to convert the raw materials into finished goods. When the first operation is completed the intermediate inventory is held at the first stage and then transported to the second stage where the items are produced to order. Riekst and Ventura 6 (2010) discussed two staged inventory models over an infinite planning horizon with constant demand rate and two modes of transportation. These transportation options include truckloads and a less than truck-load carrier. An optimal algorithm is derived for a one-warehouse one-retailer system. A power-of-two heuristic algorithm is also proposed for a one-warehouse multi-retailer system.
Many authors have also contributed their research in the field of integrating quantity discounts and distribution schemes. Hwang et al. 7 (1990) investigated the problem of determining optimal order quantity when all units' quantity discounts are available on purchasing price and freight cost. Tersine and Barman 8 , (1991) assumed a constant demand rate and developed a model with freight and price discounts, where freight discount structure is based on weight. Ertogral 9 , (2008) took a single stage multi uncapacitated dynamic lot sizing problem (MILSP) with transportation cost and assumed finite planning horizon with dynamic demand. He considered all unit inventory management models to formulate the problem with piece wise linear transportation cost function. Mendoza and Ventura 10 , (2008) developed an unconstrained integrated inventory-transportation model to decide optimal order quantity for inventory system over a finite horizon.
In this research paper an integrated inventory-transportation two stage supply chain model has been discussed incorporating the discounted policies on purchasing goods and transportation network. A model is formulated which explains the flow of ordered quantity from single source to single destination with one intermediate stoppage point. In the model buyer at destination avails quantity discounts on bulk order and freight discounts on bulk transported quantity. Quantity discounts are provided by the supplier, in which supplier has fixed the quantity level beyond which discount would be given. The mode of transporting the goods from source to destination takes place in two stages, where in the first stage, goods are moved using cargo. The unloading point of goods is the intermediate stoppage. At the stoppage, unloading of goods and their further processing takes a specified time for which the holding cost is free.
Since cargo points require space to unload goods of number of cargos, the holding cost at stoppage increases with very high rates after a preset time. Keeping inventory for long time may not be beneficial for the buyer but sometimes the inventory has to be kept because of some undue cause like transportation facility is not available to move goods from cargo point to destination. As the buyer has received discounts from supplier on the ordered quantity mentioned above, Cargo Company is giving discounts on weighted quantity from supply point to intermediate stoppage. Movement of goods from intermediate stoppage to destination is the second stage of model which is completed through modes of transportation, which are categorized as truck load (TL) and less than truck load (LTL) transportation. In Truck load transportation, the cost is a fixed of one truck up to a given capacity. In this mode company may use less than the capacity available but cost per truck will not be deducted. However in some cases the weighted quantity may not be large enough to substantiate the cost associated with a TL mode. In such situation, a LTL mode may be used. LTL may be defined as a shipment of weighted quantity which does not fill a truck. In such case transportation cost is taken on the bases of per unit weight. The model shows some ending inventory at destination to fulfill the uncertainties, as shortages are not allowed at any cost. The formulation and solution of the above enlightened model has been discussed in the following sections.
Model Sets, and Symbols
The formulated mathematical model is based on the following sets, and symbols.
Sets
• Product set with cardinality P and indexed by i.
• Period set with cardinality T and indexed by t.
• Item discount break point set with cardinality L and indexed by small l.
• Freight discount break point set with cardinality K and indexed by small k.
• Waiting time set at intermediate stoppage with cardinality Γ and indexed by small τ. 
Parameters

C
Mathematical Model
The optimization problem minimizing the cost of purchasing, holding and transportation subject to procurement and distribution constraints is formulated as follows. 
Model Formulation
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Analysis of the Formulation
Objective function
The objective of the optimization problem is to minimize the cost incurred in purchasing the items reflected by the first term of the objective function; transportation cost from the source to the intermediate stoppage reflected by the second term; holding cost at the intermediate stoppage of the weighted quantity reflected by the third term; transportation cost from intermediate stoppage to the final destination reflected by the fourth term; and the last term reflects the ending inventory carrying cost at the destination. The cost is calculated for the duration of the planning horizon. The ordering cost is a fixed cost not affected by the ordering quantities and therefore is not the part of objective function.
Constraints
The inventory level at period t is dependent upon inventory left in the last period, the quantity X it ordered at period t and at demand D it in the following way: 1 , where 1,..., , 2,...,
The inventory level at the end of the first period for item type i is composed of the inventory level at the beginning of the planning horizon, and the net change at the end of period one, 1,....,
The sum of ending inventory and optimal order quantity is more than the demand of all the periods, i.e. The buyer will order minimum quantity to get discount i.e.
It shows that the order quantity of all items in period t exceeds the price break threshold.
In any period, exactly one level will be activated either discount or no discount situation therefore,
Transported quantity according to item weight is :
Above constraint is an integrated constraint for procurement and distribution.
The minimum quantity transported is b kt i.e.
It shows that the transported quantity of all items in period t exceeds the freight break threshold.
In any period, exactly one level will be activated depending on the weighted quantity transported
The total weighted quantity transported in stage 1 of period t is equal to the total weighted quantity transported in stage 2 of period t + 1
The minimum weighted quantity transported is equal to: 
Freight breaks for transporting quantity are:
where b kt is the minimum required quantity to be transported in cargo.
Numerical Illustration
The model is validated for 3 products (Digital camera, LCD, Laptop), 3 periods (period size is of 1 week) to find the optimal and transported quantity for which the assumed data and solution are as follows. 
Data sets
Solution
The Ordered Quantity (X it ) of given products in the respective periods are : 
Conclusions
In this paper we have investigated the two stage supply chain optimization model that minimizes purchasing, holding and transportation cost. The ordered quantity is transported from the single source to single destination through an intermediate stoppage at which the mode of transportation is changed. The different discount schemes are given by the supplier on the ordered quantity and by the transporter on the weighted quantity to the buyer. Finally the optimal ordered quantity, holding inventory and weighted transported quantity are determined. Hence we can conclude from our present research that integration of various functions of different entities is possible, in order to minimize the aggregate cost of purchasing and transportation activities. In fact the results of this study open several opportunities for further research and improvements. In future research, different extensions to the proposed models can be considered. Although the focus has been on single-stage models, we believe that these inventory models provide a strong foundation for subsequent analyses of multi-stage systems, since previous efforts in quantity discounts have primarily been focused on single-stage models involving only suppliers and producers.
